RAT MODEL OF DIABETIC NEPHROPATHY 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] The application claims priority to U.S. provisional application 60/398,446, filed 
July 25, 2002, incorporated by reference herein. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0002] 

BACKGROUND OF THE INVENTION 
[0003] One of the major morbidity and mortality factors confronted by diabetic 
patients is an increased risk of developing diabetic nephropathy that often 
progresses to End-Stage Renal Disease (ESRD) (US Renal Data System: Excerpts 
from the USRDS 2000 Annual Data Report: Atlas of End-Stage Renal Disease in the 
United States, Arrr Kidney Pis. 36:S1-S238, 2000; Parving, H.H., et al., "Diabetic 
Nephropathy," In Brenner and Rector's The Kidney 6 th Edition, W.B. Saunders 
Company, pp. 1731-1773, 2000; Viberti, G. f et al.. Joslin's Diabetes , pp. 691-737, 
1992). A long-standing question pertaining to the development of renal disease in 
diabetes concerns the mechanisms involved in this process. A wealth of data has 
been generated on possible mechanisms by which diabetes and its ancillary 
metabolic, hemodynamic, glomerular growth and glomerular cell injury-related 
alterations may modulate the progression of diabetic nephropathy (Viberti, G., 
Kidney Internat. 55(6):2526-2527, 1999; Sullivan, J.L., Circulation 100(12):1260- 
1263, 1999; Orloff, LA., et al., Arch. Surg. 134(8):889-897, 1999; Lewis, J. and 
Lewis, E.J., Sem. Nephrol. 21(2):124-132, 2001). Nevertheless, the observation that 
approximately 2/3 of diabetic patients do not develop renal disease indicates that 
hyperglycemia is a permissive factor in diabetic nephropathy and elevated plasma 
glucose levels alone do not fully account for renal injury (US Renal Data System: 



Excerpts from the USRDS 2000 Annual Data Report: Atlas of End-Stage Renal 
Disease in the United States, Attl ± Kidney Pis. 36:S1-S238, 2000). Thus, genetic 
factors are thought to play a major role in the susceptibility for diabetic nephropathy 
and there are several clinical and epidemiological studies that strongly support this 
view (Seaquist, E.R., et al., New Eng. J. Med. 320:1161-1165, 1989; Freedman, B.I., 
et al., Am, i Kidney Pis. 25(5):71 0-71 3, 1 995). 

[0004] The complex interplay between diabetes-dependent and independent factors 
in determining the progression of renal disease could become more amenable to 
study if there were an adequate animal model which spontaneously develops 
diabetes and renal lesions that mimic those seen in patients with diabetic 
nephropathy. However, to date, no rodent model of diabetes has been developed 
that fully recapitulates the chronology of events and histologic changes in the kidney 
that are characteristic of patients with diabetic nephropathy. The lack of suitable 
small animal models for diabetic nephropathy is severely hindering efforts to identify 
biological markers predictive of diabetes-related ESRP and in the development of 
new drug treatments that might slow the progression of diabetic nephropathy. 

[0005] Several rodent models of spontaneous diabetes (Zucker, BB rat, PB mice) 
exist that exhibit thickening of basement membranes and mild diffuse focal 
glomerulosclerosis (Marliss, E.B., et al., Metabolism 32(Supp. 1):1989; Schmitz, 
P.G., et al., Am. J. Physiol. 263(32):F496-F502, 1992; Valesquez, M.T.,etaL, 
Piabetologia 38:31-38, 1995) that resemble some of the changes seen in the 
kidneys of patients with diabetes. However, these models, unlike human diabetic 
nephropathy, do not exhibit glomerular hypertrophy, expansion of mesangial matrix 
leading first to focal glomerular sclerosis and proteinuria and later progressing to the 
development of severe global glomerulosclerosis and proteinuria with nodule 
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formation (Kimmelstiel-Wilson lesions) followed by end stage renal disease 
characterized by elevations in blood urea nitrogen level and plasma creatinine 
concentration followed by death. 
[0006] It is well recognized that strain differences may account for differences in the 
severity of diabetes-associated renal injury in some mouse models (Zheng, F., et al., 
Kidney Inter. 54:1999-2007, 1998). Thus, it is possible that there may be factors that 
predispose certain strains of rats and mice to develop diabetic nephropathy that 
have not yet been characterized since they exist in a genetic background which does 
not develop diabetes. 

[0007] One such strain of a spontaneously diabetic rat that may harbor genetic 

factors predisposing them to renal disease is the GK rat. This strain is a non-obese, 
normotensive model of non-insulin-dependent diabetes mellitus (NIDDM). GK rats 
display glucose intolerance as early as two weeks of age (high basal serum insulin 
levels) and exhibit elevated plasma glucose levels following administration of a 
glucose load by four weeks of age (Portha, B., et al., Diabetes 40:486-491 , 1 991 ; 
Ostenson, C.G., et al., Diabetologia 36:3-8, 1993; Guenifi, A., et al., Pancreas 
10:148-153, 1995). By 12 weeks of age, GK rats exhibit frank Type II diabetes 
characterized by elevated by fasting glucose and insulin levels and a prolonged 
elevation in plasma glucose levels following an oral glucose load. Several 
investigators have reported that GK rats exhibit some of the common histological 
changes in the kidney seen in most animal models of diabetes, including thickening 
of the glomerular basement membranes, mild expansion of the mesangial matrix, 
glomerular hypertrophy and mild diffuse focal glomerulosclerosis (Yagihashi, S., et 
al., Diabetologia 15:309-312, 1978; Phillips, A.O., J. Am. Soc. Nephrol. 9:639A, 
1998). Nevertheless, extensive follow-up studies of GK rats indicate that even very 
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old GK rats do not exhibit progressive renal disease characterized by the 
development of severe global glomerulosclerosis and nodule formation, marked 
proteinuria, and end stage renal disease (elevated BUN and plasma creatinine 
concentration) (Phillips, A.O., et al., Am. J. Kidney Pis. 37(2):400-410, 2001; Riley, 
S.G., et al., J, Labor. Clin. Med. 1 34(3):304-312, 1 999). 
[0008] An improved animal model of diabetic nephropathy is sorely needed to study 
the genetic basis of diabetic nephropathy, to identify new biomarkers and diagnostic 
tests for susceptibility to develop diabetes-related disorders and to develop new 
drugs and genetic therapies (siRNA, oligonucleotides, viral constructs, and/or 
antibody therapies) that might alter the progression of diabetes or diabetic 
nephropathy. 

SUMMARY OF THE INVENTION 

[0009] We introduced the mitochondrial genome and six loci on chromosomes 2, 1 1 , 
16, 19 and the X chromosome at markers D2Rat12, D11Rat 93, D16Rat15, D19Rat 
59, DXMit4 and DXMit42 of the Fawn Hooded rat, which develops renal disease but 
not diabetes, into the genetic background of GK rats, which have type II diabetes but 
do not develop progressive renal disease with nodule formation, using a backcross 
breeding strategy and whole genome wide genetic marker assisted selection to 
create a new rat strain. This strain is a type II diabetic nephropathy mimic (T2DN 
mimic) that develops Type II diabetes and progressive diabetic nephropathy leading 
to end stage renal disease. 

[0010] The T2DN mimic and GKfl rats were extensively genotyped to confirm the 

regions of the genome that are different between these two strains. (A GKsweden rat 

was used to develop our exemplary strain, but GKfl were chosen for comparison 

instead of GKsweden because the GKfl rats were more readily available and 
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perceived to be essentially genetically identical to GKsweden rats.) This genotype 
information along with a detailed description of the breeding strategy will allow 
anyone of skill in the art to fully recapitulate and create T2DN mimic rats from GK 
and FHH rats as we described. 

[0011] We also extensively characterized and compared the time course of the 

development of diabetes, histological damage in the kidney and the development of 
proteinuria and diabetic nephropathy in the T2DN mimic versus GKfl rats. The 
results prove that T2DN mimic rats develop progressive proteinuria, diabetic 
nephropathy and histological damage in the kidney (global glomerulosclerosis with 
nodular glomerular lesions), whereas GKfl rats that exhibit a similar degree of 
diabetes in a non-permissive genetic background do not develop diabetic 
nephropathy or end stage renal disease even at an advanced age (22 months old, 
equivalent to 70 year old man). 

[0012] One embodiment of the present invention is a T2DN mimic rat or a population 
of rats comprising at least two T2DN mimic rats. The present invention is also a 
T2DN mimic rat, wherein the rat has been genetically altered such that the rat has 
additional genetic material or lacks genetic material from the original GK rat strains 
that are diabetic but do not develop diabetic nephropathy. The invention is also a rat 
obtained by breeding a T2DN mimic rat to a second non-diabetic rat strain. The 
invention is also cell lines derived from a T2DN mimic rat. 

[0013] In another embodiment, the invention is a method of evaluating a test 

compound's effect on diabetes and diabetic nephropathy comprising the steps of (a) 
exposing the test compound to a T2DN mimic rat, wherein the rat would develop 
progressive proteinuria and glomerulosclerosis leading to diabetic nephropathy in the 
absence of the test compound, and (b) comparing the rat's development of diabetes 
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and diabetic nephropathy with that seen in a control T2DN mimic rat that has not 
been exposed to the test compound. 
[0014] Other embodiments of the invention will be apparent to one of skill in the art 

after review of the specification, claims, and drawings. 

DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0015] The patent or application file contains at least one drawing executed in color. 
Copies of this patent or patent application publication with color drawings will be 
provided by the Office upon request and payment of the necessary fee. 

[0016] Fig. 1 is a schematic diagram of the rat chromosome 1. The microsatellite 

markers present in the region are displayed. Five microsatellites that were identified 
as being polymorphic between T2DN mimic and GKfl rats are highlighted in ellipses, 
and the black arrows indicate the individual chromosomal projections of each 
marker. This genomic interval that has previously been linked to the noninsulin- 
dependent diabetes mellitus (type II) in GKfl rats is also highlighted (Galli, J., et al., 
Nat. Genet. 12:31-37, 1996; Gauguier, D. f et al., Nat Genet 1 2:38-43, 1996). 

[0017] Fig. 2 presents a comparison of the development of type II diabetes in T2DN 
mimic and GKfl rats. A total of 7 animals per group were tested at all ages. Fig. 2 A 
through D: Changes in plasma glucose concentration following an intraperitoneal 
glucose challenge (IPGTT). Fig. 2E: Progression of the area under the IPGTT 
curve. *=Different from age-matched GKFL. (p<0.05). 

[0018] Fig. 3 compares the development of progressive proteinuria in T2DN mimic, 

GKfl, and a F1 cross of T2DN mimic x GKfl and BN control rats. Seven animals 
were tested in each group. *=Different from BN rats, t = p<.05. T2DN mimic versus 
GKfl rats. T2DN mimic x GKfl Fi; #=Different from GKfl. (p<0.05). 
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[0019] Fig. 4 compares the progression of proteinuria and changes in plasma 

creatinine concentration in 12 and 18 month T2DN mimic, GKfl and BN rats. 

[0020] Fig. 5 illustrates the renal histological lesions that develop in T2DN mimic rats. 

Glomerular diameter is significantly larger in T2DN mimic rats (Fig. 5B) than in age 
matched 12 month old, non-diabetic BN control rats (Fig. 5A). Prominent thickening 
of glomerular and tubular basement membranes is observed at the light microscopy 
in 18 month old T2DN mimic rats (Fig. 5C and D, respectively). These changes are 
not seen in control BN rats. The earliest glomerular lesions observed at 6 months of 
age in T2DN mimic rats is focal segmental sclerosis (Fig. 5E). The expansion of the 
mesangial matrix continues to progress until the T2DN mimic rats exhibit severe 
global glomerulosclerosis with obliteration of nearly all capillaries in most glomeruli 
throughout the kidney by the time the rats are 18 months old (Fig. 5F). 

[0021] Fig. 6 illustrates the development of nodular glomerulosclerosis in 18 month 

old T2DN mimic rats. Three glomeruli displaying extensive expansion of the 
mesangial matrix and the formation of acellular nodules (thin arrows) are shown (Fig. 
6A-C). D-Hyaline deposition in surrounding renal arterioles is also present at this 
age (thick arrows). 

[0022] Fig. 7 illustrates a high power view of a Kimmelsteil-Wilson lesion in a 

glomerulus of a 18 month old T2DN mimic rat. 
[0023] Fig. 8 illustrates the lack of severe glomerulosclerosis in the kidney of 22 

month old GKfl rats. These rats exhibit thickening of basement membranes and 

glomerular hypertrophy but only a mild degree of mesangial matrix expansion and 

glomerulosclerosis. 

[0024] Fig. 9 presents a comparison of glomerular diameters in GKfl, T2DN mimic 

and BN rats. Glomerular diameters are significantly larger in GKfl and T2DN mimic 
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rats than in BN rats at 6 and 12 months of age. There is no difference in the degree 
of glomerular hypertrophy in the kidneys of GKfl and T2DN mimic rats. 
[0025] Fig. 1 0 presents a comparison of the degree of glomerular sclerosis in T2DN 
mimic and GKfl rats. Scores represent the average injury score (with 0 indicating no 
damage to capillaries, 2 representing 50% loss of capillary area and 4 representing 
complete loss of glomerular capillaries) in 30 - 35 glomeruli scored per kidney. 
Seven rats in each group were analyzed at 6 months of age. At 12 months, six GKfl 
and eight T2DN mimic rats were analyzed. At 18 months 4 GKfl and 4 T2DN mimic 
rats were compared. *=Different from group-matched at 6 months. #=Different from 
GKfl. (p<0.05.). 

[0026] Fig. 1 1 presents a comparison of serum lipid profiles between T2DN mimic 
GKfl and BN rats. Serum cholesterol (A) and triglyceride concentrations (B) in 12 
month old BN (n=10), GKfl (n=6) and male T2DN mimic (n=32) rats are presented. 
*=Different from BN. #=Different from GKfl. (p<0.05). 

[0027] Fig. 12 shows a correlation between proteinuria and dislipidemia in 12 month 

T2DN mimic rats. Fig. 1 1 A. - Linear regression of proteinuria and serum cholesterol 
levels (n=44). Fig. 1 1 B. - Linear regression of proteinuria and serum triglyceride 
levels (n=44). (p<0.05). 

DESCRIPTION OF THE INVENTION 

General 

[0028] The lack of an appropriate animal model that spontaneously develops diabetic 
nephropathy has severely hindered the search for drugs that can prevent 
progressive renal disease in diabetes and the genes underlying this disease. The 
present invention supplies an animal model of diabetic nephropathy that 
spontaneously develops type II diabetes, progressive proteinuria leading to end 
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stage renal disease and death. This animal, which we have named "T2DN mimic" 
for "type II diabetes nephropathy mimic" is a suitable animal model for the study of 
diabetic nephropathy and to develop drugs to treat and prevent this condition. 

[0029] To characterize our model system, the Examples below contrast the 
development of diabetes and renal damage in two strains of rats with type II 
diabetes, i.e., T2DN mimic and GKfl rats, which express identical alleles at 97% of 
543 microsatellite markers assayed across the genome. The time course and 
severity of the development of insulin resistance and diabetes is similar in T2DN 
mimic and GKFL rats. However, T2DN mimic rats develop overt proteinuria by 6 
months of age, which progresses with time and leads first to the expansion of the 
mesangial matrix and the development of focal glomerulosclerosis, thickening of 
basement membranes, vascular hylanosis and, eventually, severe global nodular 
glomerulosclerosis, end stage renal disease and death. 

[0030] As described above, the changes in the histology of the kidney of T2DN mimic 
rats closely mimic those seen in the kidney of diabetic patients. In contrast, diabetic 
GKFL rats exhibit much less proteinuria, thickening of basement membranes and 
only a slight degree of glomerulosclerosis. However, the degree of renal disease 
and glomerulosclerosis does not progress over the 22 months length of the study 
and these rats never develop nodular glomerulosclerosis and end stage renal 
disease like T2DN mimic rats. This comparison indicates that the T2DN rat is a 
suitable model for type II diabetic nephropathy, and while the GKfl can serve as 
closely genetic related diabetic control strain that does not develop progressive renal 
disease. The availability of this control strain allows one to dissect the influence of 
diabetes and other metabolic factors versus genetic susceptibility in the development 
of diabetic nephropathy. 
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The T2DN Mimic Rat 

[0031] In one embodiment, the present invention is a rat model of diabetic 

nephropathy that develops progressive glomurulosclerosis and proteinuria leading to 
end stage renal disease and renal Kimmelsteil-Wilson lesions like those seen in 
patients with diabetic nephropathy. We refer to this rat as a "T2DN mimic" rat. The 
rat is also characterized by having the mitochondrial genome and six loci on 
chromosomes 2, 11, 16, 19 and the X chromosome at markers D2Rat12, D1 1Rat 93, 
D16Rat15, D19Rat 59, DXMit4, and DXMit42 of the Fawn Hooded rat on the 
GKsweden genetic background. 

[0032] The rat model develops overt proteinuria, focal glomerulosclerosis, expansion 

of mesangial matrix of the glomerulus, thickening of renal basement membranes, 
vascular hylanosis and nodular glomerulosclerosis, as described below in the 
Examples. 

[0033] One may obtain the T2DN mimic rat by following the breeding program . 

described below in the Examples. We have described below in the Examples a 
method of creating the T2DN mimic rat by cross-breeding of a male GKsweden rat with 
a female FHH/EurMcw (FHH) rat. One may obtain the GKsweden rat from the 
Karolinska Institute, Sweden. One may obtain the FHH/EurMcw rat from Charles 
River Laboratories, Wilmington, Massachusetts, from Erasmus University, 
Rottendam, Netherlands, or from the Medical College of Wisconsin, Milwaukee, 
Wisconsin. 

[0034] We believe that one could also obtain the T2DN mimic rat by breeding other 

GK strains, such as GKfl or GK rats sold by Charles River Laboratories, with other 
FHH strains. One would need first to confirm that the allele sizes of the important 
FHH loci were the same as those that we report for FHH/EurMcw-rats and that the 
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genetic background and that the characteristics of the GK strain chosen were similar 
to those described above. GK rats, in general, may be obtained from Karolinska 
Institute in Sweden, and FHH rats, in general, may be obtained from Medical College 
of Wisconsin, Erasmus University or Charles River Laboratories. 

[0035] Alternatively, a breeding colony of T2DN mimic rats consisting of at least 20 
mating pairs is maintained by the Inventors at the Medical College of Wisconsin, 
Milwaukee, Wisconsin and a separate breeding colony of a minimum of 30 breeding 
pairs is available for purchase and is maintained by PhysioGenix Inc. at its animal 
care facilities in the Wood Memorial VA Hospital, Milwaukee, Wl. A third commercial 
breeding colony of a minimum of 15 breeding pairs is maintained by PhysioGenix in 
barrier isolators at Charles River Laboratories in Wilmington, MA. In aggregate 
these colonies of T2DN mimic rats produce a minimum of 100 rats per month which 
are available for sale and to maintain the 3 breeding colonies. 

[0036] In another embodiment, the present invention is a T2DN rat with genetic 

modifications relative to the rat referenced in the paragraph above. These 
genetically modified T2DN mimic rats may have genetic deletions or additions or 
other uncharacterized genetic modifications. One would obtain such a rat by using 
genetic modification protocols known to the art applied to a T2DN mimic rat. Specific 
examples of how to create such genetically modified T2DN mimic rats are described 
below. 

[0037] For example, useful genetic modifications of T2DN mimic would include: 

[0038] 1 . Use the T2DN mimic rat in F2 cross with diabetic resistant rat or the 

diabetic nephropathy resistant GKfl rat to perform genetic mapping 
studies to positionally clone the region of the genome containing the 
genes that underlie diabetes, diabetic nephropathy, diabetic induced 
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eye disease (retinopathy), diabetic neuropathies and/or vascular and 
cardiac end-organ damage associated with diabetes. 
Develop congenic substrains of T2DN mimic rats from the F2 
population by backcrossing the F2 rats with crossovers in the 
quantitative train loci with T2DN mimic rats for 6 - 10 generations to 
isolate small region of the genome that cures or increases diabetes, 
diabetic nephropathy, and the eye, cardiac and vascular end-organ 
damage in T2DN mimic genetic background. The description of how to 
create a congenic substrain of T2DN mimic is found above. 
The general method consists of taking T2DN mimic rats and breeding 
them with a diabetic resistant strain, such as Brown Norway (BN) rat. 
The F1 rats are intercrossed yielding an F2 population that is 
genotyped. Rats with BN genes in the regions of the genome that are 
linked with resistance to diabetes, diabetic nephropathy and cardiac 
and vascular injury that were identified in a genetic mapping studies 
described below, will be backcross bred to other T2DN mimic rats. The 
pups will be genotyped and rats that remain heterozygous for the 
region of interest will be selected and backcross bred with T2DN mimic 
rats for another generation. This process will be repeated for 5-6 
generations until one obtains rats that are heterozygous for the regions 
of interest but are homozygous for T2DN mimic genes at all other 
regions of the genome. At this point the rats will be mated to produce 
rats that are homozygous for the BN or other resistant genes over the 
selected region and homozygous for T2DN mimic genes throughout 



the rest of the genome. The original T2DN mimic rats would serve as 
the disease-susceptible rats. 

The rats would be phenotyped for diabetes by measuring plasma 
glucose levels following a 24 hour fast and for type II diabetes by 
measuring the insulin levels and plasma glucose levels following an 
intraperitoneal administration of glucose. 

The rats would be phenotyped for diabetic nephropathy by collecting 
urine and measuring urinary excretion of protein and plasma creatinine 
concentrations at various times, 12, 18 and 22 months of age. When 
there was a significant difference between the congenic rats and the 
T2DN mimic controls, the rats would be sacrificed and the kidneys 
prepared for histological evaluation of the degree of glomerular disease 
and renal damage. 

Diabetic-induced vascular dysfunction would be assessed by removing 
the aorta from rats and studying vascular responses to 
vasoconstrictors, norepinephrine and vasospressin and vasodilators, 
acetylcholine and DEA nonoate, a nitric oxide donor, as we have 
previously described (Yu, et al„ J. Hypertension 21:1125-1135, 2003). 
Diabetic induced cardiac dysfunction would be evaluated by weighing 
the heart to assess the degree of cardiac hypertrophy. In addition, the 
heart will be histologically prepared and sections evaluated to measure 
the area of the wall of the left ventricle and to determine the degree of 
fibrosis of the ventricular wall as previously described in Yu, et al., 
2003. 



These congenic substrains will narrow the region around the gene of 
interest to <50 genes. The curative gene can then be identified using 
cDNA and/or oligonucleotide expression arrays looking for a 
differentially expressed gene between the congenic (resistant) and 
T2DN mimic (susceptible) strains that are nearly genetically identical 
(>99% similar). The mutation in the gene of interest would be 
confirmed by direct sequencing of the genes isolated from the DNA of 
the congenic and T2DN mimic strains. 

These identified resistance or susceptibility genes could be further 
developed as a diagnostic test to identify diabetic patients at risk to 
develop renal, cardiac, vascular or eye damage. The gene could also 
be used as a drug target to screen chemical libraries to find 
compounds (drugs) that normalize the expression of the gene of 
interest in cells cultured from the congenic and T2DN mimic strain. 
These compounds will be useful to treat patients. 
Therapeutic agents (small molecules or biologicals) could also be 
developed against the gene of interest identified in the congenic strain 
using antisense oligonucleotides, small interfering RNAs, viral 
constructs, gene therapy aimed at normalizing the expression of the 
targeted gene in the T2DN mimic strain. 
Use the T2DN mimic rat in an ENU mutagenesis or gene trap 
strategies recently described in rats (Zan, et al., Nat. Biotechnology 
21:645-651 , 2003) and in common practice in mice (Soewato, et al., 
Method Mol. Biol. 209:249-266, 2003; Baier, Phys. Genomics 14:111- 
113, 2002; Cox and Brown, Curr. Opin. Genet. Dev. 13:278-283, 2003) 
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to knockout specific genes to create mutants that are resistant to the 
development of diabetes, diabetic nephropathy, and/or cardiac, 
vascular, nerve and eye damage (diabetic neuropathy and retinopathy) 
associated with diabetes. Alternately, one can randomly knockout 
genes in the T2DN mimic strain using ENU mutagenesis and screen 
the mutants for a change in phenotype to identified mutations in genes 
(drug targets) that can reverse clinic course of disease in T2DN mimic 
rats. 

[0049] T2DN mimic rats can be included as one of the strains in a recombinant panel 
(see U.S. Serial No. 10/379,217) to determine the genetic basis of drug or toxin 
responses or the influence of diabetes and genetic susceptibility to diabetic 
nephropathy or any other phenotype of interest (drug or toxin responses, response 
of heart, kidney, vasculature or eye to develop endorgan damage following surgical, 
environmental or chemical challenges). 

[0050] In another embodiment, the present invention is a rat obtained by mating of 
the T2DN rat with a rat of any other rat strain to create new strains with unique 
disease phenotypes. 

[0051] For example, the T2DN mimic rat can be mated with other inbred rat strains 
with other specific disease traits such as Dahl salt-sensitive or spontaneously 
hypertensive rats SHR (hypertension), Zucker rats (dislipedimia and obesity), BB 
rats (type I diabetes) or the 44 strains of Dahl or Fawn Hooded X Brown Norway 
consomic lines available at Medical College of Wisconsin (pga.mcw.edu) or Charles 
River Laboratories (Wilmington, MA) (in which over 300 different cardiovascular and 
metabolic trains have been characterized) to create new and unique complex animal 
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models of human disease such as Syndrome X, characterized by hypertension, 
obesity, type II diabetes, dislipidemia and cardiovascular disease. 

Examining Test Compounds 
[0052] In another embodiment, the present invention is a method of examining test 
compounds for potential effect on diabetic nephropathy. The method would typically 
comprise the step of exposing the T2DN mimic rat to a test compound and then 
examining the development of diabetic nephropathy as compared to a control T2DN 
rat that has not been exposed to the compound. 
[0053] A typical protocol for this evaluation would be as follows: 
[0054] Experiments will typically be performed on 9 - 12 month old male T2DN 

mimic rats. Male rats will be studied because the severity of diabetic nephropathy is 
greater in male versus female rats. The rats will be uninephrectomized and fed a 
purified diet containing 60% sucrose which increase the degree of diabetes and 
together with the uninephectomy accelerates the development of diabetic-induced 
renal disease. 

[0055] After a 1 week equilibration period, blood and urine samples will be collected 
to measure baseline fasting glucose and lipid levels, plasma creatinine concentration 
and protein and albumin excretion. 

[0056] Rats (8-10 per group) will randomly be assigned to 4 treatment groups and 
treated orally by gavage or ip or iv injections of a low, medium or high dose of the 
test compound or vehicle. Drugs will be given once or twice a day dependent on 
their half-lives. 

[0057] Typical classes of known compounds that one might test to prevent diabetic- 
induced nephropathy include: angiotensin II receptor antagonists, converting 
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enzyme inhibitors, TGF beta antagonists and antibodies, growth factor inhibitors, 
PPar receptor agonists, antihypertensive agents, insulin sensitizing drugs, etc. 

[0058] The mid-range dose would be chosen based on pharmacokinetic information 
and the known effective dose (ED50). The high dose would typically be 5 - 10 times 
greater and the low dose would typically be 5 times lower than the mid-range dose. 

[0059] ' The rats would typically be treated for 4, 8 or 12 weeks. Urine and plasma 
samples would be collected at 2 week intervals to measure plasma creatinine 
concentrations (index of renal function), fasting glucose and insulin levels (indicies of 
diabetes), plasma cholesterol and triglyceride levels, urinary excretion of protein and 
albumin (indices of renal damage). At the end of the experiment the rats will be 
sacrificed with pentobarbital, a sample of blood will be collected for clinical chemistry 
and the kidney and heart collected, weighed (to measure hypertrophy), fixed in 
formalin. The samples will be sectioned and stained with Mason Trichrome stain 
which stains fibrotic tissue (collagen and fibronectin) blue. The diameter of the 
glomeruli will be measured and the percentage of the glomerular area filled in with 
mesangial matrix will be scored on at least 30 glomeruli per section using an image 
analysis program. 

[0060] One would also measure the percentage of renal area stained blue (interstitial 
fibrosis) and stained red (protein casts in renal tubules). The degree of proteinura, 
albuminuria and glomerulsclerosis as well as plasma creatinine concentrations and 
the percentages of renal fibrosis and necrosis will be compared in the drug treated 
and vehicle control groups. The significance of differences in mean values between 
treatment groups will be determined by an analysis of variance followed by a Student 
Newman's Kuels Post Hoc test. One would expect to find a dose related reduction in 
plasma creatinine concentration, urine protein and albumin excretion and the 

-17- 

5410769_1.DOC 



percentage of glomular capillary area filled in with matrix material for drugs that are 
effective in reducing the progression of glomerulosclerosis. 

[0061] Another embodiment of the present invention is a method of examining test 
compounds for potential effect on cardiac, vascular and eye damage produced by 
type II diabetes. Previous investigators have reported that GK rat is a useful model 
to determine the cardiac, vascular and eye damage produced by type II diabetes. 
Since the T2DN mimic rats shares 97% of its genome with GK rats and develops 
similar degree of diabetes and glucose intolerance it too should be useful to study 
the effects of test compounds to reduce vascular, cardiac and eye complications and 
end organ damage associated with type II diabetes. 

[0062] In a typical experiment, 6 week old T2DN mimic rats would be treated with 

various doses of a test compound or vehicle for 12 to 18 weeks. The test 
compounds could be given orally (by gavage or in the drinking water) or by iv or ip 
injections on a daily basis. At the end of 12 to 18 weeks of treatment the heart would 
be weighed (to access the degree of hypertrophy) and histologically sectioned and 
stained with Mason's trichrome stain. The area of the left ventricular wall would be 
measured using a computerized morphometric program and the degree of fibrosis of 
the left ventricular wall and perivascular fibrosis assessed by measuring the area of 
the tissue stained blue (for collagen and fibronectin) as we have previously 
described in (Yu, et al., J. Hypertension 21:1125-1135, 2003). We expect to find that 
test compounds that are effective at reducing diabetic induced cardiac damage 
would result in a lower hearth weight, thinner ventricular wall and less fibrosis of the 
left ventricle. 

[0063] Diabetes also results in endothelial dysfunction, characterized by a reduced 
response to endothelial dependent vasodilators that release nitric oxide. Diabetic 
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induced vascular dysfunction would be assessed by removing the aorta from control 
T2DN mimic and rats treated with test compounds and mounting vascular rings in a 
myograph in vitro as we have previously described Yu, et al., 2003. The responses 
of the aorta to cumulative addition of vasoconstructors, norepinephrine and 
vasospressin (10-9 to 10-5 M) and vasodilators, acetylcholine and DEA nonate (10-9 
to 10-3 M) will be determined as we have previously described (Yu, et al., supra , 
2003). Compounds that would be effective in the treatment of diabetic-induced 
vascular dysfunction leading to impotence, vascular insufficiency (anything from leg 
cramps to necrosis and limb amputation) would improve endothelial dysfunction and 
restore the vasodilator responses to acetylcholine and bradykinin in T2DN mimic rats 
with long standing diabetes. 

Determination of Genetic Elements 

[0064] In another example of the present invention, one might wish to compare the 

genome of T2DN mimic rats (disease susceptible) with GKFL rats (closely related 
resistant rats) or other diabetic resistant strains, such as BN rats, to determine what 
genetic elements might be responsible for development of diabetic nephropathy. 

[0065] For example, one might mate a male T2DN mimic rat (diabetic nephropathy 

susceptible) with a female Brown Norway (diabetic nephropathy resistant) rat to 

create a F1 hybrid population. Male and Female rats in the F1 would be mated to 

create several hundred (3-500) F2 offspring. These rats would be 

uninephrectomized and fed a 60% sucrose diet. Urine and plasma samples will be 

collected at 6, 12 and 18 months of age for measurement of proteinuria, albuminuria 

and plasma creatinine concentration. The kidneys will be collected, sectioned and 

scored for the degree of glomerulosclerosis. The rats will be genotyped using 500 

markers equally spaced throughout the genome. Linkage analysis of the renal 
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disease phenotypes will be performed with the genotypes for all rats using 
Mapmaker program (Lander and Kruglyak, Nat. Genet. 11:241-247, 1995). 

EXAMPLES 

Materials and Methods 
Generation of the T2DN mimic strain 
[0066] The T2DN mimic strain can be created by introducing the mitochondrial 

genome and loci on chromosomes 2(D2Rat12), 11 (D11Rat93), 16 (D16Rat15), 19 
(D19Rat59), X (DXMit4) and (DXMit42) of Fawn Hooded rats (FHH/EurMcw) that 
develop renal disease but are not diabetic into the genetic background of a GKsweden 
strain of rats that develop Type II diabetes but not renal disease. We bred a male 
GKsweden rat obtained from the Karolinska Institute, Sweden with a female 
FHH/EurMcw rat (Medical College of Wisconsin) to produce an Fi generation with 1 
copy of FHH and 1 copy of GKsweden at all autosomal genes and the mitochondrial 
genome of FHH rats. Female Fi rats were backcrossed with a male GKsweden rat to 
create an N2 generation. Female N2 rats with the most GKsweden alleles across the 
genome and which are heterozygous for D1 1Rat93, D16Rat15, D19Rat59, D2Rat12, 
DXMit4 and DXMit42 were selected using whole genome marker assisted selected 
strategy to be backcrossed with a male GKsweden rat to create an N3 generation. 
This process was repeated for 5 additional backcross generations. Thereafter, male 
and female rats of the N6 generation were intercrossed to create the T2DN mimic 
strain. 

[0067] Genetic selection in each generation of backcross breeding was done by 
extracting DNA from females, and each rat was genotyped by PCR at 180 
microsatellite markers, polymorphic between GKsweden and FHH, along the 20 
autosomes and the X chromosome. The percentage of GKsweden alleles retained in 
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each rat was determined and females that carried the most GKsweden alleles (2 S.D.) 
were subsequently chosen to be backcrossed with a male GKsweden rat. This 
breeding strategy allowed for the fast fixation of most of the original GKsweden 
genome, except for the mitochondrial DNA, which was inherited from the female 
FHH rat used in the first intercross and retained the six markers from FHH that are 
noted in the above description. 
[0068] The present phenotyping studies were done on rats obtained in the 9-12 
generation of rats following the first GKsweden-FHH intercross. By "T2DN mimic 
strain" we mean the inbred strain of rats with the mitochondrial genome of FHH and 
the additional alleles described above and below in a largely fixed genetic 
background of GK rats. We refer to the particular strain of T2DN mimic rats 
developed in our laboratory as T2DN mimiCMcw. 

Genetic comparison of the T2DN mimiC Mcw and GK fl rats 
[0069] To determine the degree of genetic relatedness between T2DN mimic and 
GKfl rats (purchased from Dr. Robert V. Farese, at the VA Medical Center in 
Tampa, FL), as well as to assess the degree of the FHH genome retained in the 
T2DN mimic strain, a genome-wide scan with 543 microsatellite markers equally 
spaced along the genome was carried out. The markers selected were polymorphic 
between GKfl, FHH rats and exhibited a high degree of polymorphism among the 47 
rat strains characterized in our previous studies (Steen, et al., Genome Res. 9: 1-8, 
1999) to maximize the likelihood of detection of polymorphism between the GK 
strains. 
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Genotyping 

[0070] DNA was extracted from a 1 mm section of tail that was incubated in 500 pL 

lysis buffer containing (100 mM Tris HCI pH 8.5, 5 mM EDTA, 0.2% SDS, 200 mM 
NaCI, 50 pg Proteinase K) overnight at 55°C, followed by an isopropanol 
precipitation and resuspension in TE buffer (10 mM Tris HCI pH 7.4, 0.1 mM EDTA). 
The DNA was diluted to a final concentration of 5 ng/pL. The rats were genotyped 
using PCR. Prior to PCR, the primers were radiolabeled with 32 P-Y-ATP, using T4 
polynucleotide inase (NEB, Beverly, MA). PCR was carried out as previously 
described (Jacob, H.J., et al., Nat. Gene. 9:63-69, 1995) and the products were 
electrophoretically separated in 6% polyacrylamide gels. 

Characterization of T2DN mimic diabetes and glucose intolerance 
[0071] Male T2DN mimiCMcw, GKfl and BN rats were subjected to an intraperitoneal 
glucose tolerance test (IPGTT), at 3, 6, 9, and 12 months of age. Following the 
determination of fasting (12 hours) glucose levels, the animals were injected with 1 
g/Kg of a 2.8 M glucose solution, intraperitoneally. 10 pL blood samples were then 
drawn via a tail incision at 30, 60, 90, and 120 minutes following administration of the 
glucose load and plasma glucose levels were measured using reagent strips that 
were read in a glucose meter (Bayer Corp., Elkhart, IN). 

Proteinuria 

[0072] T2DN mimicMcw, GKfl and BN rats were placed in metabolic cages at 1, 3, 6, 
9, 12, and 18 months of age and urine was collected for 24 hours. Total protein 
concentration in the urine was determined colorimetrically using the Bradford method 
(BioRad, Hercules Ca) (Bradford, P.M., Anal. Biochem. 72:248-254, 1976). 
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Determination of Lipid Profiles 
[0073] Serum cholesterol and triglyceride concentrations were compared in T2DN 

mimic and GKfl rats at 3, 6, 9, and 12 months of age. For this procedure, the rats 
were fasted overnight and 500-700 pL of blood was collected from the tail vein. 
Total cholesterol and triglycerides were determined using kits from Sigma 
Diagnostics, St. Louis, MO. 

Histology 

[0074] Renal histology was assessed in T2DN mimicMcw, GKfl and BN rats 

sacrificed at 1 , 6, 12, 18 and 22 - 24 months of age. The right kidney was removed 
and weighed and then fixed in 10% formalin solution followed by embedding in 
paraffin. Two 4 pm thick sections were prepared from each kidney and stained with 
Periodic Acid-Schiff (PAS) and/or Mason Trichrome stain. The sections were 
examined by light microscopy for the degree of vascular injury, renal interstitial 
fibrosis and the degree of glomerulosclerosis and expansion of the mesangial matrix 
in the glomerulus. Lesions in individual glomeruli were scored on a 0 to 4+ scale 
with 0 representing a normal glomerulus, 1+ up representing a 25% of loss of 
capillaries in the glomerular tuft, 2+ 50% loss, 3+ 75% loss, and 4+ representing 
more than 75% of the glomerular tuft sclerosed. A total of 30-35 glomeruli per 
kidney were analyzed, and an average score (sclerosis index) calculated. 
Glomerular volumes were also determined using a modification of the Maximal 
Planar Area method (Pagtalunan, M.E., et al., Kidney Internat. 57:2644-2649. 2000). 
For the digitally circumvention of the glomerular perimeter, the Metamorph Image 
Analysis software was applied. 
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Results 

Genotype of T2DN mimic rat 
[0075] The T2DN mimic strain was characterized with an extensive genome-wide 
scan using 543 microsatellite markers. The genotype revealed six loci, on 
chromosomes 2 (D2Rat1 2), 11 (D11Rat93), 16 (D16Rat15), 19 (D19Rat59) and X 
(DXMit4 and DXMit42) that were still heterozygous for FHH alleles. Given the 
genomic interval between these and the closest microsatellite markers, we estimate 
that at a maximum <1% of FHH genome was retained on the autosomal 
chromosomes (1 - 20, plus X) in the T2DN mimic strain. Moreover, since a female 
FHH rat was used to produce the F1 rats in this cross, T2DN mimic rats still harbors 
the mitochondrial DNA of FHH rats. This assertion was confirmed by sequencing the 
mitochondrial genome of T2DN mimic and comparing it with that of GK and FHH 
rats. 

GKfl rats 

[0076] A genome-wide scan was also performed to compare the same 543 

polymorphic markers between the diabetic nephropathy susceptible T2DN mimic and 
the diabetic nephropathy resistant GKfl strains. The results indicate that there are 8 
genetic differences across to 543 markers tested between these two strains. Three 
differences were present at markers D3Rat57, 11 (D11Mgh5), and 12 (D12Rat22). 
Five additional differences were identified on chromosome 1 , at markers D1 Rat291 , 
D1Mit18, D1Mit34 and D1Mgh1 2 within 30 cM from each other. The fifth difference 
at D1 Rati 85 mapped 57 cM from the telomere on chromosome 1 (Fig. 1 ). These 
five markers represent at a maximum of 2% of the genome tested. Overall 
genotyping results indicate that the diabetic nephropathy sucsceptible T2DN mimic 
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and diabetic nephropathy resistant GKfl strain are 97% identical at the microsatellite 
level across the entire genome. 

Comparison of the development of diabetes and glucose intolerance in T2DN mimic 
strain and GK fl rats 

[0077] Baseline fasting glucose levels were elevated to >200 mg/dl and significantly 
above values seen in BN rats in both T2DN mimic strain and GKfl rats that were 6 
months old (Fig. 2). However, there was no significant difference in fasting glucose 
levels seen in GK and T2DN mimic strain rats at any point during the study. Both 
GKfl and T2DN mimic strain exhibited glucose intolerance as indicated by the 
increase area of the plasma glucose clearance cure following an intraperitoneal 
injection of a glucose load. The degree of glucose intolerance was slightly greater in 
T2DN mimic strain versus GKfl rats at 3 months of age, but no significant difference 
was observed in 6 and 9 month old GKfl and T2DN mimic rats. After 12 months of 
age, the T2DN mimic rats exhibited a 20-30% greater glucose intolerance than that 
seen in GKfl rats. 

Progression of Renal Disease in T2DN mimic strain and BKf1 rats 
Proteinuria 

[0078] A longitudinal screening of proteinuria in T2DN mimic strain rats (Fig. 3) 

shows that at 1 month of age, proteinuria is similar in T2DN mimic rats, GKfl and 
control Brown Norway rats (BN). Proteinuria became significantly elevated in 3 
month old T2DN mimic and GKfl rats. The degree of proteinuria progresses with 
time (Fig. 3) and by proteinuria reaches 297.4 ±17.1 mg/day in 12 months old T2DN 
mimic strain. The GKfl rat does not develop severe proteinuria at 12 months of age. 
Proteinuria was also measured in a group of F1 progeny generated from a cross of 
T2DN mimic strain and GKfl rats. Similar to what was observed in BN and GKFL 
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rats, proteinuria only became significantly elevated relative to BN rats when the F1 
rats were 12 months of age and at this time it was still very low compared to that 
seen in the T2DN mimic rats. 
[0079] To determine whether T2DN mimic rats develop progressive renal disease 

leading to end stage renal disease we measured proteinuria and plasma creatinine 
concentration in 18 month of BN, GKfl and T2DN mimiCMcw rats. The results are 
presented in Fig. 4. Serum creatinine concentration did not increase in 18 or 22 
month old GKfl rats relative to BN rats indicating that they do not exhibit progressive 
renal disease leading to ESRD. In contrast, proteinuria increased from 300 to more 
than 500 mg/day in 12 versus 18 month old T2DN mimic rats and was significantly 
higher than the values seen in diabetic GKfl rats (Fig. 4). Moreover, plasma 
creatinine levels rose from 0.6 ± 0.1 to 1.7 ± 0.1 mg/dl in 12 versus 18 month old 
T2DN mimic rats, but remained in the normal range in GKfl rats. 

Histologic changes in the kidney 
[0080] Histological analysis of the kidneys of T2DN mimic strain revealed an 

extensive pattern of progressive renal disease characterized by extensive glomerular 
and tubular injury. As shown in Fig. 5E, the predominant form of glomerular damage 
at 12 months of age is glomerular hypertrophy (Fig. 5B) focal segmental 
glomerulosclerosis, with regional adhesion of glomerular tuft to Bowman's capsule 
associated with expansion of the mesangial matrix and filling in of capillaries (Fig. 
5E). There is pronounced thickening of both glomerular and tubular basement 
membranes in the kidneys of 12 and 18 month old T2DN mimic strain rats (Fig. 5C 
and 5D). 

[0081] At 12 months of age, glomeruli in the T2DN mimic strain also exhibit 

expansion of mesangial matrix and appearance of PAS positive material. This 
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expansion of the mesangial matrix is even more prominent in T2DN mimic strain rats 
when they are 18 months old, with nearly complete obliteration of glomerular 
capillaries in nearly every glomerulus, indicative of severe global glomerulosclerosis 
(Fig. 5F). More importantly, in many glomeruli one can find asymmetric, acellular 
nodules in the glomerulus (Figs. 6 and 7), which resemble Kimmelsteil-Wilson 
nodules that are characteristic of diabetic nephropathy in man. 

[0082] In contrast, even at 18 or 24 months of age GKfl rats exhibit only a very 

modest degree of expansion of the mesangial matrix and focal glomerulosclerosis. 
The degree of injury is not greater than that associated with normal aging in BN rats. 
GKfl did not form nodular lesions in the glomerulus (Fig. 8). However, they still 
exhibited thickening of glomerular and proximal tubular basement membranes and 
hypertrophy of the glomerulus which is common change in the kidney seen in many 
models of diabetes that do not develop diabetic nephropathy. 

[0083] A comparison of the degree of glomerular hypertrophy in T2DN mimic, GKfl 

and BN rats are presented in Fig. 9. The diameter of the glomerulus was 
significantly greater in 6 and 12 month old GKfl and T2DN mimic rats relative to BN 
rats. There was no significant difference in the size of the glomerulus in GKfl and 
T2DN mimic rats at any age. 

[0084] As shown in Fig. 10, 6-month old GK and T2DN mimic strain exhibited a 

similar degree of glomerulosclerosis (0.51 ± 0.04 and 0.41 ± 0.02, respectively). At 
the time the rats were 12 months old, the degree of glomerular damage is 
significantly greater in T2DN mimic than in GKfl rats. At 22 - 24 months of age 
T2DN mimic exhibit an almost 100% injury score of 3.5 ± 0.2 while GK rat still exhibit 
only mild glomerular injury averaging 0.6 ± 0.1 , which is similar to that seen in old BN 
rats. 
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Dislipidemia 

[0085] Serum cholesterol levels in 12-month old male T2DN mimic strain rats 

averaged 170.4 ± 14.0 mg/dL and are four times higher than the levels measured in 
age-matched male BN rats 41.7 ±1.4 mg/dL (Fig. 10). Serum triglyceride 
concentration was also elevated in 12-month old T2DN mimic strain rats (157.6 ± 
23.8 mg/dL) compared to the values seen in age-matched control BN rats (34.0 ± 5.1 
mg/dL). In 12-month old male GK rats, both serum triglyceride (108 ± 3 mg/dL) and 
cholesterol levels (66 ± 6 mg/dL) are significantly lower than the corresponding 
values obtained in age-matched T2DN mimic strain rats. Nevertheless, these values 
were still elevated relative to those seen in age-matched male BN rats (Fig. 10). The 
degree of proteinuria and dislipidemia are strongly correlated in T2DN mimic strain 
rats, as shown in Fig. 1 1 . 

Discussion 

[0086] This present study characterized the development of diabetic nephropathy in 
a T2DN mimic and GKfl rats that both develop a similar degree of type II diabetes. 
Following an early onset diabetes, overt proteinuria develops in T2DN mimic strain 
rats by 6 months of age (>50 mg/day), and the degree of proteinuria progressively 
becomes more severe as the rats get older. This is accompanied by hypertrophy of 
the glomerulus, thickening of glomerular and tubular basement membranes, 
expansion of the mesangial matrix, and the development of focal followed by global 
glomerulosclerosis and the formation of nodules in many glomeruli by the time T2DN 
mimic rats are 18 months old. In contrast, GKfl rats exhibit a similar time course of 
the severity of diabetes, but this strain even at 22 months of age does not develop as 
severe proteinuria or diabetic glomerulosclerosis with nodule formation even though 
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the kidney does exhibit hypertrophy and thickening of glomerular and tubular 
basement membranes. 

[0087] The differences in the development of proteinuria and the severity of 

glomerular disease between T2DN mimic strain and GKfl rats are most likely due to 
small differences in genetic background. These rats are genetically identical at 97% 
of the 543 microsatellites markers tested across the genome. There are a few 
remaining FHH alleles in the T2DN mimic strain. These alleles contribute about 1% 
to the genetic difference between the strains. 

[0088] There are also differences on chromosome 1 between the diabetic 

susceptible T2DN mimic and diabetic resistant GKfl strain. Five differences in the 
allele sizes of 5 genetic markers clustered around a 57 cM genomic segment on 
chromosome 1. The extensive polymorphisms found in this region in an otherwise 
isogenic background suggests that there is a genetic difference between GKfl and 
GKsweden rats that produced the two haplotype forms we now see in T2DN mimic and 
GKfl strains. This finding is of special importance in the light of previous studies that 
revealed that there is a quantitative trait loci (QTLs) for type II diabetes in GK rats in 
general that maps to this region of chromosome 1 (Galli, J., etaL, Nat Genet 12:31- 
37, 1996; Gauguier, P., et al., Nat. Genet. 12:38-43, 1996). This QTL, termed 
Niddml has been confirmed in congenic strains to be a major factor in determining 
hyperglycemia in GK rats (Galli, J., et al., Diabetes 48(12):2463-2470, 1999) but its 
role in determining the development of renal disease or other diabetic induced end 
organ damage is unknown. 

[0089] We found significant enlargement of the glomeruli in both the T2DN mimic 

strain and GKfl rats at 3 months of age prior to the development of overt proteinuria 
in T2DN mimic strain rats. These findings seem to corroborate earlier reports that 
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GK rats exhibit glomerular hypertrophy and thickening of basement membrane 
(Yagihashi, S., et al., Diabetologia 15:309-312, 1978; Phillips, A.O., J. Am. Soc. 
Neph. 9:639A, 1998; Riley, S.G., et al., J. Lab. Clin. Med. 134(3):304-312, 1999) that 
is commonly reported in most experimental models of diabetes. The natural course 
of renal disease in T2DN mimic strain rats closely parallels that of human diabetic 
nephropathy. Renal structural abnormalities such as glomerular and tubular 
hypertrophy are already observed at earliest ages and precedes the development of 
proteinuria. After the development of proteinuria, glomerular and tubular lesions 
develop that parallel the progression of proteinuria. The most common presentation 
of glomerular damage in T2DN mimic strain rat at 12 months of age is severe focal 
segmental glomerulosclerosis, with expansion or the mesangial matrix, obliteration of 
open glomerular capillary lumens and the formation of nodular lesions in several 
glomeruli. By the time the rats are 18 months of age, there is further expansion of 
the mesangial matrix in most glomeruli (severe global sclerosis) and the formation of 
many large, acellular nodules in many glomeruli. Thus, the presence of nodular 
glomerulosclerosis is clearly discernible in T2DN mimic strain rats with long-standing 
(>12 months) diabetes, a pattern in that is consistent with the development of these 
lesions in patients with diabetes (Olsen, S., Nephrol. Dial. Transplant. 14:1846-1849, 
1999; Parving, H.H., et al., "Diabetic Nephropathy," In Brenner and Rector's The 
Kidney 6 th Edition, W.B. Saunders Company, pp. 1731-1773, 2000). The GKfl rats 
did not develop severe glomerulosclerosis or glomerular nodules even at 22 months 
in face of severe lifelong diabetes. Thus, the T2DN mimic represents the first animal 
model of spontaneous diabetes mellitus that develops progressive renal disease with 
the formation nodular glomerulosclerosis. 
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[0090] Both T2DN mimic strain and GKfl rats develop some degree of dislipidemia, 
as reflected by elevated levels of serum cholesterol and triglycerides in 12 month old 
rats. In T2DN mimic strain rats, proteinuria and dislipidemia are strongly correlated. 
This observation is consistent with previous results in diabetic patients that 
demonstrate a strong correlation between dislipidemia and progression of diabetic 
nephropathy (Krolewski, A.S., et al., Kidney Intern. 45(Suppl. 45):S125-S131, 1994; 
Breyer, J.A., et al., Kidney Intern. 50:1651-1658, 1996). Interestingly, GKfl rats 
display a milder form of dislipidemia. This likely reflects the milder proteinuria and 
lack of renal disease observed in these rats. These data seem to support the notion 
that it is the loss of plasma protein that triggers abnormalities in lipid metabolism due 
to loss of protein binding and this explains the close association between proteinuria 
and lipid abnormalities in most forms of ESRD (Keane, W.F., et al., Kidney Intern. 
42(Suppl. 38):S134-S138, 1992; O'Donnel, M.P., et al., Am. J. Kidney Pis. 22(1 ):83- 
89, 1993; Shohat, J. and Boner, G., Israeli J. Med. Sci. 29:228-239, 1993). 

[0091] In summary, the present study characterized the first rodent model of 

spontaneous NIDDM. The T2DN mimic strain that develops progressive proteinuria 
and glomerulosclerosis which lead to formation of nodules and ESRD. It also 
identified a closely related control strain of GKfl rats that develops diabetes but is 
resistant to the development progressive proteinuria and renal disease. There are 
discrete genetic differences in the autosomes and the mitochondrial genome is 
completely different between these two strains of rats. It is likely that the genetic 
differences determine the difference in the susceptibility of the strains to develop 
diabetic nephropathy in T2DN mimic and GKfl rats. The small genetic differences 
between the susceptible T2DN mimic and diabetic resistant GKfl strains make this 
an ideal model for the genetic dissection of diabetes-associated renal disease, as 
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well as dissecting the relationships between the duration and severity of diabetes 
and the later onset and progression of renal disease. 
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